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© ink jet recording head, driving method for same and Ink jet recording apparatus. 



© A recording method for making record on a 
recording material by ejection of Ink, wherein after 
electric power enough to eject the ink for the record- 
ing on the recording material is supplied to recording 



device to effect the recording in a predetermined 
region, electric power not enough to eject the ink is 
supplied to the recording device. 
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FIELD OF THE INVENTION AND RELATED ART 

The present invention relates to an Ink Jet re- 
cording head, a driving method for the same and 
an ink jet recording apparatus wherein ink is eject- 
ed to record information on a recording material. 

The recording apparatus using the driving 
method for the ink jet recording head according to 
this invention is usable, for example, with a printer 
as peripheral equipment of information processing 
apparatus such as computer, a copying apparatus 
having a reader, a wordprocessor having key input 
function, an electronic typewriter and a facsimile 
machine having information transmitting and receiv- 
ing function. 

In an ink jet recording method, droplets of ink 
are ejected through various system, and the 
droplets are deposited imagewisely on the record- 
ing material. Among them, the ink jet recording 
apparatus using heat as energy for the formation of 
the droplets has a good advantage that the record- 
ing head therefor can be easily formed as multi- 
nozzle head having a number of nozzles at high 
density, and therefore, high resolution and high 
qsafity images can be produced at a high speed. In 
one of such ink jet recording apparatuses, the 
recording head thereof is of a so-called full- multi- 
type in which the ejection outlets are disposed to 
cover the entire width of the recording material 
(line printer recording head), wherein on one and 
the same substrate, there are disposed plural liquid 
droplet forming means for ejecting ink droplets 
through ejection outlets by application of thermal 
energy, that is, droplet forming means including 
electrothermal transducers for producing heat to 
heat the Ink by supplying electric current pulses, 
and corresponding number of integrated circuits 
(driver IC) for driving the electrothermal trans- 
ducers. 

Figure 1 shows an example of electric structure 
of the ink jet recording head of this type. Figure 2 
shows driving timing thereof. The recording data 
(SI: 13-b) having the same bit number as the 
electrothermal transducer 7 are sequentially sup- 
plied to a shift register 4 in the driver IC3 in 
sychronism with a data transfer clock (CLK). After 
all the data are transferred, they are read in a 
latching circuit 5 in response to a latching signal 
(LAT). Thereafter, in response to divided driving 
signal (EI) and divided drive signal transfer clock 
(ECK), a flip-flop circuit (F/F) 6 activates sequen- 
tially the driver IC IC3, by which the electrothermal 
transducers 7 for which the recording data signals 
are n ON" are selectively energized only during the 
ON-state of the pulsewidth setting signal (ENB) so 
as to eject the liquid. 

In the apparatus of this kind, the recording 
liquid which will hereinafter be called "ink" is di- 



rectly ejected from the ejection outlet of the record- 
ing head, and therefore, particular considerations 
which are not necessary in the other type recording 
apparatus are required in order to maintain the ink 
s under ejectable state at all times. 

More particularly, since the ink remains in the 
liquid passage of the recording head when the 
recording operation is not effected, some measure 
is required, as the case may be, to prevent change 
io in the property of the ink such as increase of the 
viscosity attributable to the drying and/or evapora- 
tion of the ink in the liquid passage. A measure is 
known wherein the recording head is provided with 
a so-called capping means to cover the ejection 

75 outlets of the recording head when the recording 
operation is not performed to prevent the ink from 
drying or evaporating. 

However, it is possible that the increase of the 
Ink viscosity is not avoidable only by the drying 

20 preventing means described above, when the ap- 
paratus is kept rest for a long period. Therefore, in 
addition to the capping means, additional measures 
are taken. In one example, the air in the cap 
covering the recording head is sucked to impart 

25 negative pressure to the ejection outlets to suck in 
the ink out of the liquid passages. In another exam- 
ple, pressure is applied to the ink supply system 
using a pump to eject the ink having been changed 
in its property through the ejection outlets. In a 

30 further example, the ink is ejected (idle ejection) to 
the portion other than the recording material, for 
example, to the capping means from all of the 
ejection outlets to forcedly discharge the ink having 
increased viscosity in the passage. The means for 

35 doing such measures are called a recovery sys- 
tem. 

However, it is desirable that the recovery 
mechanism is automatically driven upon actuation 
of a main switch, and that during the recording 

40 operation it is driven at as long as possible inter- 
vals, in ordeiKo reduce the consumption of the ink. 
In order to prevent the property change of the ink 
in the passage not driven during the recording 
operation, it would be required that the recording 

45 operation Is interrupted at short intervals to perform 
the ejection recovery process. This, however, de- 
creases the recording speed. 

Particularly in the liquid jet recording apparatus 
■using a recording head having a number of ejection 

so outlets along a line, there exist such ejection out- 
lets are a hardly used for the recording from statis- 
tics. In such ejection outlets, the Intervals between 
adjacent ejections are very long. Therefore, the 
frequency of the ejection drives are different in the 

65 different ejection outlets. The ink in the passage for 
which the ejection intervals are long or in which the 
number of ejections is small, is increased in the 
viscosity due to the drying depending on the am- 
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bient conditions such as humidity or temperature, 
and then, the ink ejection through the ejection 
outlet becomes unstable, even to such an extent 
that the Ink is not ejected. 

Under the circumstances, and for the purpose 
of providing good ejections of the ink having an 
increased viscosity due to the low temperature or 
the like, the electrothermal transducers are en- 
ergized to such an extent that the ink is not ejected 
when the ejection signals are not supplied thereto, 
thus heating the ink therein (preliminary heating) in 
order to maintain the temperature of the ink within 
a predetermined range. Various methods for ac- 
complishing this are proposed. 

For example, U.S. Patent No. 4,463,359 filed 
on March 24. 1980 and Issued on July 31, 1984, 
assigned to the assignee of this application pro- 
poses that the applied pulse has a waveform cor- 
responding to a combination of the recording pulse 
and the preliminary heating pulse, by which the 
preliminary heating is performed. 

U.S. Patent No. 4,376.945 filed on May 27, 
1981 and issued on March 15, 1983, assigned to 
the assignee of this application proposes that a 
heater is provided on an outside of a common 
liquid chamber for the preliminary heating. 

U.S. Patent No. 4,719,472 filed on July 6 t 1983, 
issued on January 12, 1988 and assigned to the 
assignee of this application proposes that a sub- 
strate constituting a part of the common liquid 
chamber Is provided with a built-in preliminary 
heating element 

U.S. Patent No. 4,712,172 filed on April 12, 
1985, issued on December 8, 1987 and assigned 
to the assignee of this application proposes that the 
preliminary heating is effected after a predeter- 
mined period of time elapses, or immediately, after 
the main switch is actuated. 

U.K. Patent No. 2,159,465 filed on May 24, 
1985, published on December 4, 1985, issued on 
March 9, 1988 and assigned to the assignee of this 
application proposes the preliminary heating is per- 
formed with application pulsewidth which is 
changed in accordance with ambient conditions. 

U.K. Patent No. 2,169,855 filed on December 
20, 1985, published^jOB ^l^^^SSBJSissQBd^on 
November 8, 1989 and assigned to the assignee of 
this application proposes the preliminary heating is 
carried out using an externally heating element in 
accordance with the ambient conditions. 

U.K. -Patent No. 2,169,856 filed on December 
23, 1985, published on July 23, 1988. issued on 
October 25, 1989 and assigned to the assignee of 
this application proposes the preheating condition 
is changed between immediately after the main 
switch is actuated and after a resting period 
elapses. 

The present invention is a further improvement 



of the above-mentioned proposals. 



SUMMARY OF THE INVENTION 

5 

It Is a principal object of the present invention 
to provide an ink jet recording head, a driving 
method for the same and an ink jet recording 
apparatus wherein the quality of the record is stab- 
io ly maintained. 

It is another object of the present invention to 
provide an ink jet recording head, a driving method 
for the same and an Ink jet recording apparatus 
wherein the preliminary heating operation is effec- 
ts tively performed. 

It is a further object of the present invention to 
provide an ink jet recording head of a. so-called full- 
multi-type which can perform good recording op- 
eration. 

20 It is a yet further object of the present invention 

to provide a driving method for an ink jet recording 
head an an ink jet recording apparatus, wherein the 
good recording operation is possible using the full- 

25 It Is a further object of the present Invention to 

provtde-an-tnk-jat recording head, .a driving method 
therefore and an ink jet recording apparatus 
wherein the preheating is effectively carried out in 
a relatively simple mannen the temperature vari- 

30 ation among the ejection ouliets is minimized; the 
frequency of the recovery operations of the recov- 
ery-mechanism is siyHificantiy reduced; and there- 
fore, a high speed recording operation is possible 
with a stabilized record quality. 

35 These and other objects, features and advan- 

tages of the present invention will become more 
apparent upon a consideration of the following de- 
scription of the preferred embodiments of the 
present invention taken in conjunction with the ac- 

40 companying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 - Figure 1 is a block diagram of a generally 

aseij^ ^uO Jual -idjm rl u re- of a recording head. 

Figure 2 is a timing chart showing conven- 
tional drive timing. 

Figure 3 is a perspective view of an example 
50 of an Ink Jet recording head to which the present 
invention is applicable. 

Rgure 4A is a block diagram showing an 
example of a drive control system according to an 
embodiment of the present invention. 
55 Figure 4B is a flow chart illustrating the drive 

control by the control system of Figure 4A. 

Rgure 5 is a timing chart illustrating the 
drive timing of the drive control system of Figure 
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4A. 

Figure 6 is a perspective view of an ink jet 
recording apparatus using the recording head and 
the driving system, according to an embodiment of 
the present invention. 

Figure 7 is a block diagram showing an 
example of a recording head drive system accord- 
ing to another embodiment of the present inven- 
tion. 

Figure 8 is a timing chart showing the drive 
timing of the control system of Figure 7. 

Figure 9 is a block diagram of an example of 
a drive control system according to a further em- 
bodiment of the present invention. 

Figures 10 and 11 are block diagrams of 
recording head drive control system according to 
further embodiments of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the present in- 
vention will be described in conjunction with ac- 
companying drawings. 

In a first embodiment; tr^-lnk-jet-fecordrng 
apparatus comprises a recording head having- a 
plurality of electro the r mal t r an sd^cers-for prsduc- 
ing thermal energy contributable to the ink ejection, 
ejecting drive means for supplying drive signals to 
the electrothermal transducers of the recording 
head in accordance with the data to be recorded to 
eject the ink, and heat driving means for supplying 
a drive signal enough to heat the ink but not 
enough to eject the ink to the electrothermal trans- 
ducers after each unit driving operations by said 
ejection driving means. 

In the driving method for driving a recording 
head of the ink jet recording apparatus having the 
plurality of electrothermal transducers for produc- 
ing thermal energy contributable to the ink ejection, 
according to this embodiment the plurality of elec- 
trothermal transducers of the recording head are 
supplied alternately with driving signals corre- 
sponding to the data to be recorded and the heat- 
ing drive signals not enough to the eject the ink. 

Refetringaa Figune-3, :there= is-shown in a partly 
bryh^ii-pyrspeeUve-view-an- ink jet recording head 
to which the present invention is applicable. The 
recording head is of a so-called full-multi-type in 
which the ejection outlets are aligned In a range 
covering the entire width of the recording material. 
The recording head includes heat generating resis- 
tors 54 constituting the electrothermal transducer 
elements 7 for producing heat upon electric energy 
application thereto to produce film boiling so as to 
form a bubbie in the ink to eject the ink. The Ink Is 
ejected by the development and contraction of the 
bubble. The heat generating resistors 54 are 
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formed on a substrate 51 through a manufacturing 
process which is similar to a semiconductor manu- 
facturing process, the recording head further com- 
prising liquid passage forming portions, corre- 
s sponding to the heat generating resistors 54. The 
portions 52A are effective to form ejection outlets 
52 and liquid passages 53 communicating there- 
with, respectively. A -top plate 56 covers the liquid 
passage forming portions to form the liquid pas- 
io sages. A liquid chamber 55 communicates com- 
monly all of the liquid passages 53 and store in the 
recording head the ink supplied from an unshown 
ink supply source. 

Figure 4A shows an example of a drive control 
75 system for heat-driving the ink jet recording head 
in accordance with image information, the ink jet 
recording head 1 having the mechanical structure 
shown in Figure 3. The control system comprises a 
head driving circuit 2 according to this embodi- 
20 ment. The heat driving circuit 2 includes a head 
driving electric power source 8, a timing generating 
circuit 9, a gate circuit 10. a preliminary heating 
data generating circuit 1 1 and a recording 
data/drive timing generating circuit 12. 
25 The timing generating circuit 9 produces a 

pulse width setting signal END, a divided drive 
signal EZ, a divided drive signal transfer clock ECK 
and a latching signal LAT in accordance with con- 
trol signals C1 and C2 of the recording data/drive 
30 timing generating circuit 12, and they are supplied 
to the driver IC (integrated circuit) IC3 of the re- 
cording head. The preliminary heating data gen- 
erating circuit 1 1 receives the recording data SI for 
one line from the recording data/drive timing gen- 
35 erating circuit 12 in response to the control signal 
C2, and it stores as preliminary heating data the 
data provided by reversing the received data, and 
It produces the preliminary heating data after ejec- 
tion drive for one line. The gate circuit 10 receives 
40 the recording data for one line from the recording 
data/drlve-tirfTtng generating circuit 12 and the pre- 
liminary heating data from the preliminary heating 
data generating circuit 11, and transfers them to a 
shift register 4. 
45 The recording data/drive timing generating cir- 

cuit 12 sequentially outputs the recording data for 
one line to perform the ejection drive for ejecting 
the ink, and during the drive, the preliminary heat- 
ing data generating circuit 1 1 produces the prelimi- 
so nary heating data to perform the preliminary heat- 
ing drive. Therefore, in this embodiment, the ejec- 
tion drives and the preliminary heating drives are 
alternately carried out. The preliminary heating 
drive is performed entirety or partly using the re- 
55 cording material feeding period after completion of 
the recording on one recording line, whereby the 
recording throughput does not significantly de- 
crease. Designated by a reference numeral 24 is 
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an AND circuit 

A controller 20 controls the entire recording 
apparatus and comprises a CPU {central process- 
ing unit) such as a microprocessor, ROM 21 for 
storing control program for the CPU 20 and various 
data, RAM 22 used as a working area of the CPU 
20 and I/O ports 23. They are electrically con- 
nected by a bus line 24, wherein the record control 
data are supplied to the recording data/drive timing 
generating circuit 12. An ambient temperature de- 
tecting element TH is formed on the head sub- 
strate to detect all or part of the temperature of the 
head, the external temperature and the like and 
supplies the detected temperature information to 
the timing generating circuit 9. Therefore, the pre- 
liminary heating at the time of the initial start can 
be performed in accordance with the ambient tem- 
perature. 

Figure 4B is a flow chart illustrating the opera- 
tion of the drive control of the circuit shown in 
Figure 4A. 

When the main switch of the recording appara- 
tus is actuated, the preliminary heating data are 
transferred to the shift register 4 from the prelimi- 
nary heating data generating circuit 11 through a 
gate 10 (step S1). On the other hand, the tempera- 
ture information is supplied to the timing generating 
circuit 9 from the ambient temperature detecting 
element TH. The pulsewidth setting signal ENB 
which is dependent on the temperature information 
is supplied to the driver IC3 of the recording head 
1 (step S2). Thus, the preliminary heating depend- 
ing on the ambient temperature is effected for all of 
the nozzles, at the time of the initial starting opera- 
tion (step 83). Subsequently, the recording data Si 
for one line are transferred to the shift register 4 
from the recording data/drive timing generating cir- 
cuit 12 (step S4). In accordance with the recording 
data S1, selected electrothermal transducers 7 pro- 
duce heat to eject the ink through the correspond- 
ing ejection outlets (step S5). If the next recording 
data are not transferred even after a predetermined 
time period elapses, the recording operation ends 
(step S6). When the recording data S1 are trans- 
ferred for N lines sequentially (N & 1), and the 
recording for the N lines is completed, the prelimi- 
nary heating data are transferred from the prelimi- 
nary heating data generating circuit 11 to the shift 
register 4 through the gate circuit 10 (steps S7 and 
S8). On the other hand, a predetermined pul- 
sewidth setting signal ENB is supplied to the driver 
IC3 of the recording head 1 from the timing gen- 
erating circuit 9, so that the preliminary heating 
operation is carried out during the recording opera- 
tion (steps S9 and S10). Here, the preliminary 
heating during the recording operation is not limit- 
ed to the operation with a predetermined constant 
pulse width, but It may be performed with the pulse 



width which is dependent on the ambient tempera- 
ture similarly to the preliminary heating at the time 
of the initial starting operation (main switch "ON"). 
In many cases, the pulse width during the record- 

5 ing is smaller than the pulse width for the prelimi- 
nary heating during the start-up operation. The 
preliminary heating during the recording operation 
may be effected using the reversed data, that is, 
the data provided by reversing the recording data, 

to or with all black data to effect the preliminary 
heating to all of the nozzles. It is possible, for 
example, that in the case where N = 1, the prelimi- 
nary heating is effected with the reversed data, 
whereas in the case where N>1, the preliminary 

is heating is performed with the all black data. They 
can be properly selected by one skilled in the art 

Referring to Figure 5 t there is shown drive 
timing in the apparatus of this embodiment. The 
recording data signal S1 transmitted to the ink jet 

20 recording head 1 includes the recording data (1 3-b) 
having the same bit number as the electrothermal 
transducer elements 7 and the preliminary heating 
data (13-a) which are obtained by reversing the 
recording data. The mk~ jet— recording, bead. 1 is 

25 supplied alternately with the preliminary heating 
data 13-a and toe recording data 13-b. After either 
of the data are received and are aligned in the shift 
register 4, they are read in the latching circuit 5 in 
the driver IC3 by the latching signal LAT. There- 

30 after, in response to the divided drive signal El and 
the divided drive signal transfer clock ECK, the 
driver IC3 is sequentially activated, by which the 
electrothermal transducer 7 is selectively energized 
only during on-state of the pulse width setting 

35 signal ENB, by which the preliminary heating or the 
ink ejection is performed. Using the period, the 
shift register 4 receives the recording data or the 
preliminary heating data for the next line. 

As described in the foregoing, in this embodi- 

40 merit the -puJse .width of the pulse width setting 
signal ENB is such that the ink is not ejected when 
the pulse Is for the preliminary heating (for exam- 
ple, approximately 0.5 - 5 micro-sec), and there- 
fore, the pulse width is smaller than the pulse width 

45 during the ejection drive (recording operation) 
(approximately 3 ^Q " njUaiu-feeij^iIu i ^BXHM 
preliminary heating data during the recording op- 
eration are the data provided by reversing the 
recording data for the previous line. However, upon 

so the initial recording after the main switch is closed 
or when the resting period is long, the preliminary 
heating data Is such data as to energize all the 
electrothermal transducer element 7. Therefore, all 
the liquid passages are assured to be subjected to 

55 the preliminary heating upon the initial recording 
after the main switch is actuated or after a long 
resting period. 

The preliminary heating data during the record- 
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ing operation are not limited to the data obtained 
by reversing the recording data for the previous 
line, and may be properly determined by one 
skilled in the art within the limitation that the effects 
of the preliminary heating do not disappear. For 
example, it is a possible alternative that the prelimi- 
nary heating is executed only in the electrothermal 
transducer or transducers 7 which have been kept 
unenergized in continuous N lines. Further alter- 
natively, it is possible that the preliminary heating 
is effected for all of the liquid passages every N 
lines of recording operations. 

Using the recording head and the driving sys- 
tem described in the foregoing, a line printer ca- 
pable of performing the full-color recording shown 
in Figure 6 is possible. 

In Figure 6, the printer comprises a pair of 
rollers 201 A and 201 B constituting a nip there- 
between to feed the recording material R (coated 
paper, plain paper, plastic resin sheet or the like) in 
a subordinate scanning direction Vs. It also com- 
prises full-multi-type recording heads 202BK, 202Y, 
202M and 202C for the black, yellow, magenta and 
cyan colors, respectively. Each of the recording 
heads has a number of nozzles enough to cover 
the entire width of the recording material R. The 
recording heads are mounted on the head mount 
203 and are disposed in the order named from the 
upstream side in the direction of the recording 
material feed. Each of the recording heads has the 
structure similar to that shown in Figures 3 and 4, 
and therefore, the above-described drive control is 
performed. 

The printer is provided with a recovery system 
200 which is faced to the recording heads 202BK, 
202Y, 202M and 202C in place of the recording 
medium R when the ejection recovery process is 
executed. More particularly, the head mount 203 is 
retracted, and the recovery system 200 enters the 
space provided by the retraction of the mount 203. 
Then, sucking operation or other non-recovery op- 
erations are performed. In this embodiment the 
preliminary heating operation is carried out at prop- 
er intervals, and therefore, the number of ejection 
recovery operations can be remarkably reduced. A 
platen 204 functions to the gap between the. re- 
cording material R and the ejection outlet of tha 
recording head 202. 

In the embodiments, the circuits for the driver 
IC may be of bl-polar, MOS type, BICMOS type or 
the like, as desired. The recording head is not 
limited to that of the full-multi-type* described 
above, it may be of a serial scan type. The method 
for applying to the electrothermal transducers the 
energy not enough to eject the liquid during the 
preliminary heating is not limited to the reduction of 
the pulse width as in the foregoing embodiment. It 
may be that the drive voltage in place of or in 



addition to the pulse width change may be 
changed. In any case, the electric power therefore 
is smaller than the electric power applied to the 
recording head for the recording operation, 
s In the foregoing embodiment, the electrother- 

mal transducers 7 are grouped into a predeter- 
mined number of groups, and the groups are se- 
quentially driven. If the number of the electrother- 
mal transducers 7 is relatively small, or when the 

io driving power source has sufficient power, it is not 
inevitable to carry out the divided driving oper- 
ations, and ail of the electrothermal transducers 
may be driven simultaneously. 

Referring to Figure 7, a structure for accom- 

75 plishing a further high speed recording is shown, 
wherein the recording data are grouped to a de- 
sired number of blocks SI1 - Sin. The recording 
data are supplied to the driver IC devices 3 for the 
respective blocks SI1 - Sin, by which the operation 

20 can be performed at the times shown in Figure 8. 

As described in the foregoing, according to this 
embodiment, the data to be recorded (recording 
data) and the preliminary heating data are alter- 
nately supplied to carry -outthe Jio^id ejecfoosiand 

25 the preliminary rieating^operateeTfis alternately, by 
which the electrothermal transducer element cor- 
responding to the ejection outlet through vshich 
improper ejection occurs due to lack or short of the 
ejection drive can be supplied with electric energy 

30 by the preliminary heating data. Therefore, the 
temperatures in all the liquid passages become 
uniform, so that good recording can be provided, in 
addition, the Intervals of the recovery operations 
can be reduced, by which the overall recording 

35 speed is increased. 

The description will be made as to an ink jet 
recording head, a driving device therefore and an 
ink Jet recording apparatus equipped with them, 
which can use effectively the foregoing embodi- 

40 ment 

The Inkjet "recording head which will be de- 
scribed includes a plurality of electrothermal trans- 
ducer element producing thermal energy con- 
tributable to the ink ejection and driving means 

45 having a plurality of parallel current limiting ele- 
m Bntermnrw^ftrt-tP ;4ha ^ tawyrt r jcft rs 
for ^lectnTgHn-accordance wfflr the data supplied 
thereto the current limiting element to permit the 
electrothermal transducers to be supplied with 

eo electric power enough to eject the ink or select the 
current limiting elements to supply the electric cur- 
rent not enough to eject the ink. 

The driving device which will be described is 
used with the ink jet recording head having a 

55 plurality of electrothermal transducers for produc- 
ing thermal energy contributable to the Ink ejection, 
and comprises driving means including parallel cur- 
rent limiting etement connected to an electrother- 
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mal transducer to select In accordance with the 
data received thereby one of the current limiting 
element for permitting the electrothermal trans- 
ducer to be supplied with electric power enough to 
eject the ink and for selecting another current limit- 
ing element for supplying electric current not 
enough to eject the ink. 

The ink Jet recording apparatus for recording 
on the recording material by ink ejection, which will 
be described, comprises an ink jet recording head 
provided with a plurality of electrothermal trans- 
ducers for producing thermal energy contributable 
to the ink ejection, and driving means having plural 
electric current limiting elements connected to 
each of electrothermal transducer element, wherein 
the driving means selects one of the current limit- 
ing elements to permit the associated electrother- 
mal transducer element to be supplied with electric 
energy enough for the ink ejection, or another 
current limiting element to supply it with the current 
not enough for the ink ejection. 

According to this embodiment the current 
flows through the selected current limiting element 
and? ^the^^Kl^^?^^^tto^^?Ral-- teaasducer element con- 
nected thereto^in accordance with the data signal 
ap^fed-tttepetoHnTCis^ In accordance with the data 
signals, the preliminary heating drive and the ejec- 
tion drive can be property selected. 

Now, the embodiment will be described in de- 
tail in conjunction with the drawings. 

Figure -SLsbows an electrical structure of the 
recording head having the mechanical structure 
shown in Figure 3. In this embodiment the driving 
circuit is integral with the substrate. 

Further in this embodiment two driving sys- 
tems are provided for each of the electrothermal 
transducers corresponding to the ejection outlet 52. 
More particularly, the electrothermal transducer 
element 7 Is connected to driving element 102-1 
and 102-2 in the form of transistors In the driver 
ICS through a current limiting resistor 101-1 having 
resistance of Ra and an electric current limiting 
resistor 101-2 having a resistance of Rb. An AND 
circuit 103 receives an output of a flip-flop circuit 
106 and the pulse width setting signal ENB. The 
AND orcuft is provided corresponding to each of 
the driving elements 102-1 and the driving ele- 
ments 102-2. One electrothermal transducer 7 is 
driven by data having the same bit number as the 
driving element (2 bits in this embodiment). To 
accomplish this, the latching circuit 85 and the shift 
register 4 have the corresponding structure. 

The data signal SI constituted by the same 
number of bits as the driving element 102 is se- 
quentially supplied to the shift register 84 by the 
data transfer clock signals CLK, and is read in the 
latching circuit 85 by the latching signals LAT. In 
response to the divided driving signal El and the 



divided drive signal transfer clock ECK. the driver 
IC80 are sequentially activated, and the driving 
element 102-1 and/or 102-2 is selectively actuated 
only during the on-state of the pulse width setting 

5 signal ENB. Each of the electrothermal transducers 
7 corresponds to the data having the same bit 
number as the number of the driving elements 
connected thereto. In this embodiment it is driven 
by two bit data. When the data for driving the 

jo driving elements 102-1 and 102-2 are <0 t 1), the 
current loi flows through the electrothermal trans- 
ducer; when the data are (1, 0), the current ho 
flows therethrough; and when the data are (1, 1), 
the current In flows therethrough, wherein loi = 

15 [VH-V OL ]/[RH + Rb] 

ho = [V H -V OL MR H +Ra] l„- [V„-VoJ- 
/[R H + RaRb/(Ra + Rb)] 

where V H is a voltage of a driving voltage source, 
Vol is an output voltage of the driving element, Rh 

20 is a resistance of the electrothermal transducer 
element and Ra and Rb are resistance of the 
current limiting resistors. The resistances Ra and 
Rb of the current limiting resistors 101-1 and 101-2 
are set such that the current It 1 sufficient to eject 

25 the liquid, whereas the currents loi and ho are not 
sufficient to eject the liquid. Therefore, the current 
flowing through the electrothermal transducer ele- 
ment 7 can be selected from the three levels in 
accordance with the input data. Accordingly, the 

30 driving operations for the preliminary heating and 
the liquid ejection can be selected for each of the 
ejection outlets only by the input data. 

The structure and the operation of the drive 
limiting means 100 for transmitting bias signals to 

as such driving circuits to control the drive are as 
follows. For example, when a signal for liquid ejec- 
tion drive for a certain electrothermal transducer 
element 7 on the basis of the recording data in 
which one bit corresponds to one ejection outlet is 

40 ?1", the datgpj(-1 r 1) are produced; and when it is 
"O", the data (1, 0) or (0, 1) are produced. By 
making the resistances Ra and Rb different the 
driving condition or conditions for the preliminary 
heating can be changed in accordance with the 

45 non-ejection-drive period of the electrothermal tran- 
sducer 7 or the position thereof. In addition, it is 
possible that the larger current is flown imme- 
diately after the main switch is actuated or after a 
long rest-period. Furthermore, the preliminary heat- 
so ing drive can be simultaneously effected during the 
one line recording operation. Alternatively, it may 
be performed for each several Ones. Further alter- 
natively, it can be performed at different timing 
from the ejection drive. 

55 Using the recording head and the driving sys- 

tem described above, the line printer capable of 
full-color recording shown in Figure 6 described 
hereinbefore can be constructed, for example. 
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The circuit of the driver IC may be of a bipolar 
type, MOS type. BiCMOS type or the like. The 
recording head is not limited to the full-multi-type 
as in the foregoing embodiments, but may be a 
serial scan type. 

In the foregoing embodiment, the two driving 
elements are connected to each of the electrother- 
mal transducer. However, three or more of the 
driving elements can be connected in which the 
liquid ejection driving current and the preliminary 
heating drive current may be controlled more fine- 
ly, that is, with a larger number of levels, by 
properly selecting the resistances of the current 
limiting resistors. It is not inevitable that the current 
limiting resistors includes specific resistors dispos- 
ed between the electrothermal transducer element 
and the driving elements, but it may be in the form 
of a wiring resistance of the wiring for connecting 
the electrothermal transducer and the driving ele- 
ments. 

In the foregoing embodiment, the electrother- 
mal transducer elements 7 are grouped into several 
unit blocks, and the blocks are sequentially driven. 
When, however, the number of elements 7 is rela- 
tively small, as shown in Figure 10 or when the 
driving voltage has sufficient capacity, the simulta- 
neous drive is possible in response to a strobe 
signal STB. In Figure 10. three current limiting 
resistors 101-1, 101-2 and 101-3 are employed. 

Figure 1 shows another alternative wherein the 
power supply lines V m - V Hn are provided for the 
respective blocks, and a common driving system Is 
provided, wherein the divided driving operation is 
effected. In Figure 1 1 , designated by a reference 
109 is a diode for preventing reverse current. 

Each of the foregoing embodiments is particu- 
larly suitable to a bubble Jet type recording system 
among various ink jet recording systems. 

It is preferable that the bubble jet recording 
system is based on the principle and has the 
structure as disclosed in U.S. Patents Nos. 
4,723,129 and 4,740,796. This system is usable 
with a so-called ON-demand type apparatus and 
also with a continuous type apparatus. However, 
the ON-demand type is preferable because the 
electrothermal transducers disposed faced to the 
sheet or liquid passages retaining the liquid (ink) 
are each supplied with at least one driving signals 
to produce quick temperature rise beyond nuclear 
boiling in accordance with the recording informa- 
tion, by which the electrothermal transducer pro- 
duces thermal energy to produce film boiling on 
the heating surface of the recording head, so that 
one bubble can be formed in the liquid correspond- 
ing to one driving signal. By the development and 
contraction of the bubble, the liquid (ink) is ejected 
through the ejection outlet to form at least one 
droplet- The driving signal is preferably in the form 



of pulses, since then the bubbles are quickly devel- 
oped and contracted, and therefore, the quick re- 
sponse liquid (ink) ejection can be accomplished. 
The pulse form driving signals are preferably as 
5 disclosed in U.S. Patent Nos. 4,463,359 and 
4,345,262. The temperature rise ratio of the heat 
applying surface is preferably as disclosed in U.S. 
Patent No. 4,313,124 to further improve the record- 
ing operation. 

io The structure of the head may be the combina- 

tion of the ejection outlet, liquid passage and the 
electrothermal transducer (linear liquid passage or 
perpendicularly bent passage) as disclosed in each 
of the above-mentioned U.S. Patents. Alternatively, 
75 the heating portion may be disposed at a bent 
portion as disclosed in U.S. Patents Nos. 4,558,333 
and 4,459,660. The embodiments described in the 
foregoing may be used with any of such structures. 
In addition, the structure in which the ejecting por- 
20 tions are constituted by slits each of which is 
common to plural electrothermal transducers, as 
disclosed in Japanese Laid-Open Patent Applica- 
tion No. 123,670/1984, and the structure wherein 
an aperture is provided corresponding to the ejec- 
ts tion part to absorb the pressure energy of ttie 
thermal energy, may be conveniently combined 
with the present embodiments. 

Furthermore, each of the foregoing embodi- 
ments is conveniently incorporated in an exchange- 
30 able chip type recording head which can be elec- 
trically connected with the main apparatus and can 
be supplied with the ink from the main assembly 
by being mounted on the main assembly. It may 
be conveniently incorporated in a cartridge type 
as recording head. 

Each of the foregoing embodiments may pref- 
erably be provided with recovering means for the 
recording head and/or preliminary auxiliary means, 
since then, the advantageous effects of each of the 
40 foregoing embodiments can be further stabilized. 
-As for these-means, there are capping means for 
the recording head, cleaning means pressure or 
sucking means, preliminary heating means con- 
stituted by the electrothermal transducer and/or 
45 additional heating element, preliminary ejection 
mode operating means for ejecting the liquid not 
for the recording operation or the like. 

The recording mode of the recording apparatus 
may include a monochromatic recording mode 
so (black or another main color) and In addition it may 
also contain at least one of a multi-color mode and 
a full-color mode by an Integral recording head or 
by combination of plural recording heads. The fore- 
going embodiments are particularly effective for 
55 such apparatus. 

In the foregoing embodiments, the ink is de- 
scribed as liquid. However, it may be the ink which 
Is solid under the room temperature or lower but Is 



8 



15 



EP 0 390 202 A2 



16 



softened or liquefied under _the temperature higher 
than the room temperature. In the ink jet recording 
apparatus described hereinbefore, the temperature 
of the ink is maintained within a range not lower 
than 30 * C and not higher than 70 * C f generally In 5 
order to maintain the proper viscosity of the ink for 
the stabilized ejection. Therefore, what Is required 
is that the ink is or becomes liquid upon application 
of the signal. The ink may be such that the thermal 
energy is consumed for the change of phase from 10 
the solid phase to the liquid phase to prevent the 
temperature rise due to the thermal energy or that 
the ink is solidified when it is left as it is for the 
purpose of preventing evaporation of the ink, if the 
ink is liquefied by the application of thermal energy is 
as the recording signal, and the ink is ejected as 
liquid. Alternatively, the ink may be such that it 
starts to be solidified at the point of time when it is 
reaches the recording material. Such ink which is 
liquefied by the application of the thermal energy 20 
are usable with the embodiments of the present 
invention. When such ink Is used, the ink may be 
retained as liquid or solid material In the through 
holes or recess as; .of soporous sheet saataajai^-and 
the sheet material is faced to the electrothermal 25 
transducers. The foregoing embodiments are par- 
ticularly suitable for the film boiling type recording 
apparatus using each of the ink materials. However, 
ink ejection energy producing means is not limited 
to the above-described electrothermal transducer, 30 
but it may be electro-mechanical transducer such 
as a piezoelectric element or the like, or it may be 
in the form of electromagnetic wave such as laser 
which is applied to the liquid and absorbed thereby 
. to produce the heat which is contributable to eject 35 
the ink. 

As described in the foregoing, according to the 
embodiments of the present Invention, each of the 
electrothermal transducer elements corresponding 
to the ejection outlets can be selectively driven for 40 
the preliminary heating or for the liquid ejection in 
accordance with the input data, and therefore, the 
temperatures of the ejection outlets are made uni- 
form, and the high quality recording is possible 
with simple structure, tn addition, the intervals of 4$ 

and therefore,, a high speed recording operation is 
possible. 

Thus, according to the present invention, the 
ink jet recording head, a driving method for the so 
same and the ink jet recording apparatus which 
' can record with high recording quality, can be 
provided. 

While the invention has been described with 
reference to the structures disclosed herein, It Is 55 
not confined to the details set forth and this ap- 
plication is intended to cover such modifications or 
changes as may come within the purposes of the 



improvements or the scope of the following claims. 

A recording method for making record on a 
recording material by ejection of ink, wherein after 
electric power enough to eject the ink for the 
recording on the recording material is supplied to 
recording device to effect the recording In a pre- 
determined region, electric power not enough to 
eject the ink is supplied to the recording device. 



Claims 

1 . A recording method for making record on a 
recording material by ejection of ink, wherein after 
electric power enough to eject the ink for the 
recording on the recording material is supplied to 
recording means to effect the recording in a pre- 
determined region, electric power not enough to 
eject the ink is supplied to the recording means. 

2. A method according to Claim 1 , wherein the 
recording means is a recording head for ejecting 
the ink using thermal energy, and is provided with 
an electrothermal transducer for producing the 
thoOTafceiafifgyT 

3. A method according to Claim 1, wherein the 
reaorilin^-maaasyaGhjdes a full line type recording 
head having a number of ejection outlets disposed 
covering a predetermined recording region. 

4. A method according to Claim 1, wherein the 
electric power not enough to eject the ink is ap- 
plied after completion of the recording on each 
recording line. 

5. A method according to Claim 1 , the electric 
power not enough to eject the ink is .applied to the 
recording means, in the form of the data provided 
by reversing data to be recorded, after completion 
of the recording on each recording line. 

6. A method according to Claim 1, wherein the 
electric power not enough to eject the ink is ap- 
plied to tha recording means after a main switch Is 
closed and/or after rest of recording operation. 

7. A recording apparatus for making record on 
a recording material by ejection of ink, comprising: 
recording means for ejecting the ink to make the 
record on the recording material; 

conveying means for conveying the recording ma- 
terial; 

control means for applying electric power not 
enough to eject the ink to the recording means 
after applying electric power enough to eject the 
ink to the recording means to make the record in a 
predetermined region. 

8. An apparatus according to Claim 7, wherein 
said recording means is a recording head for ejec- 
ting the ink by thermal energy and includes an 
electrothermal transducer for producing the thermal 
energy. 

9. An apparatus according to Claim 7, wherein 
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said recording means has a fulNine type recording 
head having a number of -ejection outlets disposed 
to cover a substantially entire width of a recording 
area. 

10. An apparatus according to Claim 7, wherein 
the electric power not enough to eject the Ink is 
applied to said recording means after completion of 
the record on each recording line. 

11. An apparatus according to Claim 7, wherein 
the electric power not enough to eject the ink is 
applied in the form of the data which are provided 
by reversing the data to be recorded, after comple- 
tion of the record on each recording line. 

12. An apparatus according to Claim 7, wherein 
the electric power not enough to eject the ink Is 
applied to the recording means after a main switch 
Is closed and/or after rest of recording operation. 

13. A recording method for making record on a 
recording material by ejection of ink, wherein after 
the record is made in a predetermined region by 
ejection of ink from recording means, electric pow- 
er not enough to eject the ink is applied to the 
recording means in the form of the data which are 
provided by reversing the-data to be-reeorded used 
in said record. 

14. A method according to Claim 13, wherein 
the recording means isra~ re min d ing tread for ejec- 
ting the ink by thermal energy and is provided with 
an electrothermal transducer for producing the 
thermal energy. 

15. A recording apparatus for making record on 
a recording material by ejection of ink, comprising: 
recording means for ejecting ink to make the 
record on the recording material; 

conveying means for conveying the recording ma- 
terial; 

control means for applying, after making the record 
in a predetermined region by ejection of the ink 
from said recording means, electric power not 
enough to eject the ink to said recording means 
using data provided by reversing data for said 
record. 

16. An apparatus according to Claim 15, 
wherein said recording means is a recording head 
for ejecting the Ink using the thermal energy and is 
provided with_an^ectrotherrn aL transducer for pro- 
ehjcmg^tBeHherrrral-CTergy. 

17. An Inkjet recording apparatus, comprising: 
a recording head having a plurality of electrother- 
mal transducer elements for producing thermal en- 
ergy contributable to ejection of ink; 

ejection drive means for ejecting the ink by apply- 
ing a drive signal to the electrothermal transducer 
elements of the recording head in accordance with 
data to be recorded; and 

heating driving means for applying a heating driv- 
ing signal not enough to eject the Ink to the elec- 
trothermal transducer elements after each predeter- 



mined unit of ejection drive operations by said 
ejection driving means, to effect heating operation. 

18. An apparatus according to Claim 17, said 
. recording head has a number of ejection outlets 

5 covering a substantially entire width of the record- 
ing material, and wherein the predetermined unit 
corresponds to recording on one iine of the record- 
ing material by the ejection of the ink from the 
ejection outlets, and said heating driving means 

io being applied a group of data provided by revers- 
ing a group of data to be recorded corresponding 
to the one line. 

19. An apparatus according to Claim 17, 
wherein said heating driving means applies the 

rs heating driving signals to all of the electrothermal 
transducers after a main switch of the apparatus is 
closed and/or after rest of recording operation of 
said apparatus. 

20. An apparatus according to Claim 17, 
20 wherein said recording head has a number of ejec- 
tion outlets disposed to cover a substantially entire 
width of the recording material, wherein said unit 
corresponds to sequential records on plural lines 
on the recording material by ejection of the ink 

25 from the ejection outlets, and said heating driving 
means applies heating driving signals to such elec- 
trothermal transducers which are not driven during 
recording operation for the plural lines. 

21. A driving method for a recording head for 
oo an ink jet recording apparatus having electrother- 
mal transducers for producing thermal energy con- 
tributable to ejection of ink, wherein the plural elec- 
trothermal transducers of the recording head are 
supplied alternately with driving signals corre- 

35 spending to data to be recorded and heating driv- 
ing signals not enough to eject the ink. 

22. A method according to Claim 21, wherein 
the recording head has a number of ejection out- 
lets disposed to cover a substantially entire width 

40 of the recording medium, wherein after record is 
-made orr-orw line on the recording material by 
ejection of the ink from the ejection outlets, a group 
of data provided by reversing a group of data 
corresponding to the one line is applied as the 

45 heating driving signal. 

23. A method according to Claim 21, wherein 
the heating driving signal is applied to all of the 
electrothermal transducers after a main switch is 
closed and/or after rest of recording operation. 

so 24. A method according to Claim 21, wherein 

the recording head Includes a number of ejection 
outlets disposed to cover an a substantially entire 
width of the recording material, wherein after se- 
quential record is made on plural lines of the 

55 recording medium by ejection of the ink from the 
ejection outlets, the driving signal for the heating is 
applied to such electrothermal transducers not 
driven during the plural line recording. 
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25. An ink jet recording head, comprising: 
plural electrothermal transducer elements for gen- 
erating thermal energy contributable to ejection of 
ink; 

driving means having plural parallel current limiting s 
elements connected to each of said electrothermal 
transducer elements, for selecting one or more of 
current limiting elements to supply to the elec- 
trothermal transducer elements electric energy 
enough to eject the Ink or one or more current to 
limiting elements to supply to the electrothermal 
transducer element electric energy not enough to 
eject the ink. 

26. A driving device for ink jet recording head, 
comprising: 15 
plural electrothermal transducer elements for gen- 
erating thermal energy contributable to ejection of 

ink; 

driving' means having plural parallel current limiting 
elements connected to each of said electrothermal 20 
transducer elements, for selecting one or more of 
current limiting elements to supply to the elec- 
trothermal transducer elements electric energy 
enough to eject time ink or one or more current 
limiting elements to supply to the electrothermal 2s 
transducer element electric energy not enough to 
eject the ink. 

27. An Ink jet recording apparatus, wherein ink 
is discharged to a recording material to make 
record thereon, comprising: 30 
an ink jet recording head having outlets for dis- 
charging the inks and a plurality of electrothermal 
transducer elements for generating thermal energy 
contributable to discharge the Ink, and electrother- 
mal transducer elements being provided for the 35 
outlets, respectively; and 

driving means having plural parallel current limiting 
elements connected to each of said electrothermal 
transducer elements, for selecting one or more of 
current limiting elements to supply to the elec- 40 
trotherma! transducer . elements electric energy 
enough to eject the ink or one or more current 
limiting elements to supply to the electrothermal 
transducer element electric energy not enough to 
eject the ink. 45 
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